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A  broad  study  of  the  transit  refrigeration  requirements  of  Florida  citrus  fruits, 
requested  by  the  Florida  Citrus  Exchange  and  the  Growers  and  Shippers  League  of  Florida, 
has  been  under  way  since  the  fall  of  19b$a    During  this  period,  three  sets  of  trans- 
portation tests  and  approximately  600  shipping  tests  have  been  made*    The  Florida 
Citrus  Commission  cooperated  financially  in  these  tests,  which  were  conducted  in 
cooperation  with  numerous  shipping  and  receiving  agencies »    The  transportation  tests 
were  planned  to  cover  1)  the  moderately  cold  weather'  of  late  fall  or  early  winter, 
2)  the  transition  season  from  cold  to  hot  weather  in  mid-spring,  and  3)  the  moderately 
hot  weather  of  late  springo    The  objectives  of  these  accompanied  tests  were  twofold: 
1)  to    gain     information  on  the  range  of  commodity  temperatures  at  different  loca- 
tions in  the  car  when  given  the  protective  services  normally  utilized  at  the  different 
seasons;  and  2)  to  supplement  findings  obtained  from  the  large  scale  shipping  (non- 
accompanied)  tests  -  commercial  in  every  respect  -  ma.de  during  the  past  three  seasons 
by  means  of  a  single  recording  thermometer  placed  at  a  representative  location  in  each 
caro    With  concrete  evidence  at  nana  from  the  accompanied  tests  showing  temperatures 
throughout  the  load  during  the  transit  period,  the  shipper  can  better  evaluate  the 
data  from  the  shipping  tests  in  which  only  one  or  two  thermometers  were  used,  and 
thereby  more  intelligently  select  the  most  efficient  car  and  expedient  protective 
service  for  any  given  condition,    A  report  on  the  600  non-accompanied  shipping  tests 
is  in  preparation  and  will  follow  the  reports  of  the  three  transportation  tests » 

This  report  covers  the  first  of  the  accompanied  transportation  tests  which 
was  made  in  late  November,  1950 o    Comparisons  were  made  of  various  protective  services 
in  common  use  with  loads  in  fan  and  non-fan  double  deck  cars,  mesh  bags  over  wirebound 
crates  and  solid  loads  of  crates  in  the  regular  cars*.    Some  deviation  from  the 
original  plan  was  necessary  at  the  last  minute  because  of  the  cancellation  of  orders 
for  two  cars  after  they  had  been  loaded  and  unseasonably  cold  weather  during  the 
first  half  of  the  trip0    This  subfreezing  weather  required  some  deviation  in  the 
services  that  involved  changing  to  standard  ventilation  (keep  vents  closed  below 
32°)  at  both  Savannah  and  Hamleto    As  these  low  temperatures  would  require  vents 
closed  during  this  portion  of  the  trip  and  so  defeat  one  of  the  main  objectives  of 
the  test,  it  was  decided  to  open  the  vents  and  keep  them  open  under  special  ventila- 
tion moles  so  long  as  there  was  no  danger  of  freezing  in  the  coldest  part  of  the  load* 
However,  as  air  temperatures  were  down  as  low  as  1.5°  at  Hamlet,  only  the  diagonal 
vents  were  kept  open  until  the  temperature  rose  above  20  0o    The  test,  as  finally 
made,  consisted  of  7  cars  and  these  cars,  their  method  of  loading,  and  the  protective 
service  each  received  are  listed  in  Table  1Q    The  cars  were  loaded  on  November  2J4  in 
Orange  and  Lake  Counties,  Florida,  and  were  assembled  at  Wildwood  late  that  night « 
Routing  was  via  the  Seaboard  Air  Line;  Richmond,  Fredericksburg  and  Potomacj  and 
Pennsylvania  Railroads  to  the  New  York  areac 
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•  METHODS 

Standard  procedure  was  followed  in  preparing  and  loading  all  of  the  test 
carss  which  were  the  end  bunker  type*    Twelve  electrical  resistance  thermometers s 
suspended  from  the  ceiling  in  the  forward  end  of  the  car5  were  placed  in  pre- 
determined locations  along  the  centerline  in  each  load  and  connected  with  a  master 
cable  that  lead  to  the  runningboard  on  top  of  the  car©    This  outer  end  of  the  cable 
was  so  constructed  that  it  could  be  plugged  into  a  reading  box  thereby  enabling  the 
observer  to  note,,  at  any  time^  the  temperature  at  ihe  12  locations  inside  the  car<> 

Two  thermometers  were  used  for  car  air  and  10  for  commodity  tempera tures0 
One  of  these  air  thermometers  was  placed  in  the  air  channel  below  the  floor-rack 
at  the  bunker,,  the  other  about  six  inches  below  the  ceilings  eighteen  inches  from 
the  bunker.    Fruit  temperatures  were  taken  by  inserting  the  bulb  of  the  thermometer 
into  a  fruit  in  the  second  layer  in  the  crate  separated  by  one  fruit  from  the  end 
and  side  of  the  crate,,    The  crates  containing  the  thermometers  were  placed  in  the 
bunker,  quarterlength  (half  way  between  the  bunker  and  doorway)  and  doorway  stack 
of  the  load  in  the  bottom^  middle  and  top  layers  of  crates 0    When  the  fruit  was 
packed  in  consumer  unit  bags  the  thermometers  were  placed  at  the  same  relative 
location  as  was  the  case  with  fruit  in  crates0     These  were  the  standard 
positions  used  in  each  car  and  consisted  of  two  air  temperatures  and  nine 
fruit  temperatures o    The  location  of  the  twelth  thermometer  variedo    In  double 
deck  loads  it  was  used  to  show  the  temperature  of  fruit  just  beneath  the  pad- 
covered  deck,,  usually  at  the  quarterlength5  since  it  was  thought  that  air  cir- 
cu3a  tion  might  be  retarded  by  the  padding  material  and  large  temperature  differences 
result  thereby „    In  loads  of  Bruce  boxess  the  spare  thermometer  was  placed  in 
the  center  of  a  box  to  compare  temperatures  here  with  the  outer  second  layer  of 
fruit  8 

Inasmuch  as  test  cars  are  usually  loaded  at  different  packing  houses  with 
fruit  from  different  sources  and  of  different  quality,  a  direct  comparison 
between  cars  is  likely  to  be  misleading  in  some  respects,,    In  order  to  have 
comparable  fruit  in  each  car  for  test  purposes,  a  package  of  fruit  of  the  same 
characteristics,  from  the  same  grove,  was  placed  at  the  same  location  in  each 
car„    This  test  fruit  was  of  medium  size,  U„  S«  No„  1  Grade „    These  test 
packages  were  examined  critically  at  unloading  and  were  held  for  one  week  at 
room  temperatures  when  a  final  inspection  was  made0 

Ihe  double  deck  cars  were  loaded  with  7,168  5~pound  open  mesh  bags»  Two 
of  the  regular  cars  received  a  standard  525  box  load  of  1-3/5  bushel  wirebound 
crates,  while  the  third  had  3,680  5-pound  mesh  bags  over  210  1=3/5  bushel  crateso 
Gar  F  was  precooled  by  means  of  its  Preco  fans  for  six  hours  at  the  loading  pointo 

During  the  loading  period  commodity  temperatures  were  taken  with  a  fruit 
thermometer  as  the  fruit  was  trucked  into  the  car0    A  temperature  reading  was 
made  with  the  resistance  thermometers  as  soon  as  possible  after  completion  of 
loading,  and  subsequent  readings  were  made  as  frequently  as  circumstances  per- 
mitted during  the  transit  period o 
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RESULTS 

Inasmuch  as  weather  conditions  during  any  transit  period  are  an  important 
consideration  in  the  interpretation  of  results^  a  brief  review  of  the  outside 
air  temperatures  encountered  during  this  transit  period,  is  especially  desirable, 
since  the  test  cars  were  subjected  to  abnormal  temperatures  during  the  first 
and  second  day  after  loadingo    On  the  day  of  loading,  the  maximum  outside 
air  temperatures  were  in  the  70 's  followed  by  a  sudden,  unseasonable  drop 
during  the  night  with  sub-freezing  temperatures  encountered  throughout  the 
following  day  and  the  second  night  after  loadingo    The  morning  after  loading, 
the  temperature  in  North  Central  and  North  Florida  was  about  20  degrees  below 
normal  and  from  20  to  25  degrees  below  normal  along  the  route  through  Georgia 
and  the  Carolina s,  gradually  rising  to  about  5  degrees  below  normal  when  the 
test  cars  reached  the  Jersey  City  area0 

Average  Commodity  Temperatures  En  Route 

The  average  temperatures  arrived  at  by  averaging  three  positions  in  each 
of  the  three  levels  in  each  car  shown  in  figure  1,  Table  2,  reveal  some  interesting 
facts.    During  loading  the  average  commodity  temperature  in  the  separate  cars, 
ranged  from  71o0°  to  8[u0oo    At  Savarlnah,  the  afternoon  of  the  next  day,  the 
range  was  from  57«6°  to  6l06°  except  in  the  precooled  car  which  was  $101°0 
North  of  Savannah,  the  most  precipitous  cooling  occurred  in  the  ventilated 
cars,  the  most  rapid  occurring  in  the  one  vented  at  Savannah,,    At  Hamlet  the 
next  morning,  the  range  was  from  3y0olo  to  55»3°  in  the  non-precooled  and  non- 
vented  carsc    In  the  precooled  car,  the  commodity  temperature  averaged  U5«70 
and  in  the  car  vented  at  Savannah,  it  was  36060,  representing  an  overnight 
reduction  in  commodity  temperatures  of  5°U  degrees  In  the  precooled  load  in 
a  fan  car,  and  2}°$  degrees  in  the  car  with  vents  opened  at  Savannaho  When 
the  temperatures  were  recorded  at  Jersey  City  sane  36  to  hO  hours  later,  the 
range  in  all  cars  was  from  38° 6°  to  hh°909  thus  showing  that  the  car  vented 
at  Savannah  had  a  cooler  load  at  Hamlet  the  next  morning  than  was  found  in 
any  car  on  arrival  at  Jersey  City* 

Re-icing  at  Hamlet  and  vents  kept  closed  to  destination  did  not  result 
in  cooling  the  load  as  rapidly  as  did  only  initial  icing  followed  by  ventila- 
tion beyond  Hamlet 0 

The  precooled  load  In  a  fan  car  was  7°3  degrees  cooler  than  a  comparable 
non-precooled  load  at  Wildwood,  whereas  at  Savannah,  the  precooled  load  was 
7o6  degrees  cooler,  and  at  Hamlet  8o0  degrees  cooler«    At  destination,  the 
non-precooled  load  was  Id  degrees  cooler  than  the  precooled  loado    The  pre- 
cooled load  had  a  12  to  15>  hour  advantage  in  temperature  reduction  over  a 
similar,  but  non-precooled  loado    This  time  lag  was  maintained  until  reaching 
Hamlet  where  the  non-precooled  car  was  re-icedo    Thereafter,  the  lag  diminished, 
and  had  vanished  when  the  test  cars  arrived  at  Potomac  Yards  where  the  average 
temperatures  in  the  two  cars  were  practically  identical,. 
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A  more  detailed  accounting  of  the  average  temperatures  in  the  bottom., 
middle.,  and  top  of  the  load  separately  during  transit,  together  with  that  of 
ice  meltage,  follows. 

Ice  Meltage 

Ice  meltage,  Table  3,  was  greater  in  the  cars  that  were  re-iced  en  route 
and  the  vents  kept  closed  to  destination,  than  that  in  the  non-re-iced  cars 
with  vents  opened.,    This  difference  was  probably  due,  in  part  at  least,  to  the 
low  outside  air  temperature^  low  enough  to  aid  greatly  in  cooling  the  load 
without  melting  much  ice0 

In  the  vented,  but  not  re-iced  cars,  the  bunkers  had  from  1,000  pounds 
to  5,000  pounds  of  ice,  Tahle  3,  at  destination,  the  least  in  the  fan  car  G, 
loaded  with  mesh  bags  over  crates,  and  the  most  in  the  double  deck  car  D, 
vented  at  Savannah* 

The  ice  remaining  at  destination  in  the  bunkers  of  the  re-iced,  but  not 
ventilated  cars  ranged  from  1,000  pounds  in  the  precooled  car  F,  to  6,lj00 
pounds  in  the  non-fan  double  deck  car  C,  and  fan  car  Eo 

The  ice  remaining  in  the  bunkers  on  arrival  at  New  York,  ranged  from 
1,000  pounds  to  3,100  pounds  in  the  initially  non-re-iced  cars  vented  at 
Hamlet o    This  supply  of  ice  aided  by  cool  but  nearly  normal  outside  air 
temperatures,  was  sufficient  to  prevent  a  rise  in  commodity  temperature  dur- 
ing the  five  day  holding  period  before  the  cars  were  unloadedo 

The  discussions  based  on  averages  may  be  misleading.    This  is  particular- 
ly true  when  average  temperatures  in  non-fan  cars  are  compared  with  those  in 
fan  carso    For  that  reason  a  more  detailed  accounting  by  cars  not  only  of 
ice  meltage,  but  also  of  temperatures  during  transit  is  given., 

Car  A 

A  double  deck  car,  figure  2  and  Table       equipped  with  Preco  fans  under 
the  floor  racks,  was  loaded  with  oranges  in  mesh  bags.    This  car  was  initially 
iced  with  8,000  pounds  at  i/Jildwood  after  loading,  the  vents  were  kept  closed 
to  Hamlet,  when  diagonal  vents  were  opened.    On  arrival  at  Raleigh  all  vents 
were  opened  and  kept  open  to  Potomac  Yards,  there  the  car  was  converted  to 
standard  ventilation.    The  average  commodity  temperature  during  loading  was 
78,5°Fo    At  Uildwood  it  was  75° 7°,  Savannah  59«0°,  at  Hamlet  where  the  vents 
opened,  50,7°,  Potomac  Yards,  U206°,  and  at  Jersey  City  (Greenville  Yards) 
three  days  after  loading,  the  average  commodity  temperature  was  ljl»60o  All 
parts  of  the  load  had  fallen  to  60°  soon  after  reaching  Savannah  and  to 
approximately  5>0°  on  arrival  at  Raleigh,    The  spread  in  temperature  within 
the  load  was  less  than  5  degrees  during  the  greater  part  of  the  trip,  with 
the  top  fruit  being  coldest  most  of  the  time  because  of  the  car  f ansQ 
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On  arrival  at  Hamlet  there  remained  approximately  2$hp0  of  the  8,000  pounds 
of  ice.  Table  3,  supplied  at  Wildwood „    At  Potoiriac  lards  there  were  1SU00  pounds 
remaining,  and  1,200  pounds  of  ice  was  left  in  the  bunkers  when  they  were  in- 
spected at  destination  at  noon  of  the  fourth  day  after  loading.,  resulting  in  a 
total  ice  meltage  of  6,800  pounds  during  the  transit  periodo    There  was  still  a 
trace  of  ice  in  the  bunkers  when  the  car  was  unloaded  December  ks  nine  days 
after  loa dingo 

Car  B 

This  test,  figure  3  and  Table  6,  differs  from  that  in  car  A  only  in  that 
car  B  was  not  equipped  with  fans„    The  average  commodity  temperature  during 
loading  was  73°1°F,  at  Wildwood  it  was  6°o7°,  at  Savannah  6l06°,  and  at 
Hamlet  where  the  vents  were  opened  it  was  £!?o30«    At  Potomac  lards,  the 
average  temperature  was  ljlo2°,  and  at  Jersey  City  (Greenville  Yards)  three 
days  after  loading,  the  average  commodity  temperature  was  h20800 

There  was  a  wide  range  in  commodity  temperature,  at  times  as  much  as  20 
degrees,  in  this  car  throughout  the  transit  and  holding  periods    At  all  times 
the  bottom  layer  was  the  coldest  part  of  the  loado    During  the  transit  period, 
except  at  Raleigh,  the  top  of  the  load  was  but  a  few  degrees  warmer  than  the 
middle  layer,  whereas  the  bottom  layer  was  considerably  colder0    On  arrival 
at  Jersey  City,  the  warmest  part  of  the  load  was  U9«l°Fo  and  the  coldest 
35oU°»    During  the  holding  period  with  vents  open,  the  spread  lessened,  and 
at  unloading  five  days  later,  the  bottom  layer  averaged  approximately  3h° 
and  the  top  layer  approximately  hl°» 

The  warmest  part  of  the  load  had  not  fallen  to  60°  when  the  car  arrived 
at  Hamlet,  where  only  the  diagonal  vents  were  opened,  during  the  early  hours 
of  the  second  day  after  loading.    After  opening  the  vents,  the  commodity 
temperature  fell  rapidly  and  the  warmest  part  of  the  load  reached  £0°  some 
10  hours  later  when  the  car  had  reached  Richmondo 

From  the  8,000  pounds  of  ice  supplied  at  Wildwood,  Table  3,  there  was 
approximately  h$  800  pounds  remaining  when  the  bunkers  ttfere  inspected  at 
Hamlet,  1|,000  pounds  at  Potomac  Yards,  3,100  pounds  at  destination  noon  of 
the  fourth  day  after  loading  and  2,)400  pounds  remained  five  days  later  when 
the  car  was  unloaded,,    During  this  holding  period  of  approximately  normal 
outside  air  temperatures,  the  vents  were  kept  openQ 

Thus,  there  was  a  total  ice  meltage  of  4,900  pounds  during  the  transit 
period  and  700  pounds  during  the  five  day  holding  periodo 

Car  C 

This  test,  figure  k9  and  Table  7,  differs  from,  that  in  car-  B  in  that  the 
bunkers  of  car  C  were  replenished  at  Hamlet  and  the  vents  were  kept  closed  to 
destination 
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The  average  commodity  temperature  during  loading  was  8i|oO°Fo    At  Wildwood 
the  average  temperature  was  67<.2°,  at  Savannah  59o9°s  at  Hamlet  5>2,5>0j  at 
Potomac  Yards  h7«2°}  and  on  arrival  at  Jersey  City  (Greenville  lards)  the 
third  day  after  loading  the  average  commodity  temperature  was  hho9°° 

The  spread  in  commodity  temperature  was  from  1$  to  20  degrees  or  more 
throughout  most  of  the  transit  period.,  and  not  less  than  6  degrees  at  the  end 
of  the  holding  periodo    Car  C  was  a  non-fan  ear.    The  bottom  layer  was  the 
coldest  part  of  the  load  at  all  times,  and  the  top  layer  the  warmest.  The 
temperature  reduction  in  the  top  and  middle  layers  progressed  at  a  fairly 
uniform  rate.    The  top  of  the  load  was  from  3  to  7  degrees  warmer  than  the 
middle  layer  at  all  times  except  at  Wildwood  before  the  ice  was  supplied  and 
vents  closed.    The  warmest  part  of  the  load  fell  to  60°F,  by  noon  of  the 
second  day  after  loading,,  somewhat  north  of  Raleigh,  but  J?0°  was  not  reached 
until  after  the  car  had  reached  Jersey  City,    On  arrival  at  Jersey  City,  the 
bottom  of  the  load  averaged  36,1°  and  the  top  52,8°,    At  unloading  five  days 
later,  the  bottom  of  the  load  averaged  about  3h°  and  the  top  of  the  load  about 
1|1°,  and  the  grand  average  was  about  1  degree  warmer  than  that  of  car  B, 

This  car  was  initially  iced  with  9,600  pounds.  Table  3,    On  arrival  at 
Hamlet  approximately  6,000  pounds  remained  and  3^600  pounds  were  supplied  to 
replenish  the  bunkers.    On  arrival  at  Potomac  lards  there  was  approximately 
7,200  pounds  of  ice  left  and  6,14.00  pounds  was  left  at  Jersey  City  for  a  total 
ice  meltage  of  6,800  pounds  during  the  transit  period  of  four  days.  Five 
days  later,  when  the  car  was  unloaded,  3*200  pounds  of  ice  remained.  During 
this  holding  period,  the  vents  were  kept  closed. 

Car  D 

This  test,  figure  5,  and  Table  Q9  differed  from  that  in  car  B  only  in 
that  the  vents  were  opened  the  evening  before  those  of  car  B,    At  Savannah 
where  the  outside  air  temperature  was  2U°F,,  the  vents  of  this  car  were 
opened  to  let  in  the  cold  night  air.    The  following  morning,  on  arrival  at 
Hamlet  where  the  outside  air  temperature  was  15°,  the  diagonal  vents  were 
closed  to  retard  the  rate  of  cooling.    At  Raleigh  about  four  hours  later  when 
the  outside  air  temperature  Xiras  27°,  these  closed  vents  were  reopened. 

The  commodity  temperature  during  loading  was  71°F<>    At  Wildwood  the  average 
commodity  temperature  was  68°,  at  Savannah  it  was  60,1°,  at  Hamlet  36,6°,  an 
overnight  reduction  in  temperature  of  23,5  degrees,  at  Potomac  Yards  it  was 
35 o 2°,  and  at  Newark  (Waverley)  during  unloading  in  the  night  of  the  third  day 
after  loading,  the  commodity  temperature  averaged  38o6°,    The  spread  in  commod- 
ity temperature  in  this  non-fan  car  during  the  transit  period  was  from  IS  to 
20  degrees  until  the  afternoon  of  the  second  day  after  loading  when  it  was 
reduced  to  about  10  degrees  and  remained  at  or  near  that  level.    The  warmest 
part  of  the  load  reached  60°  before  the  car  passed  Charleston,  South  Carolina, 
and  seven  hours  later  it  xjas  5>0°,    During  the  greater  part  of  the  transit 
period  north  of  Savannah  the  middle  layer  was  warmer  than  the  top  and  the 
difference  was  greatest,  as  much  as  1.8  degrees,  at  Hamlet,    At  Potomac  Yards, 
the  coldest  part  of  the  load  averaged  slight!. y  below  30°  and  the  warmest,  the 
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middle,  slightly  above  h0°o    At  unloading  during  the  fourth  night.,  after  loading 
the  coldest  layer  averaged  slightly  below  30°  and  the  warmest,  the  top,  about 
h3°o    The  most  rapid  rate  of  cooling  occurred  between  Savannah  and  Hamlet 
when  all  vents  were  open  during  the  coldest  part  of  the  trip  while  "the  out- 
side air  temperature  dropped  from  2i|°  to  1.5°o    The  night  air  was  so  effective 
in  cooling  the  load  that  when  Hamlet  was  reached  the  average -temperature  in 
the  top  of  the  load  was  less  than  2  degrees  warmer  than  the  average  of  the 
bottom  layers  at  Hamlet  the  coldest  location  of  the  1  oad,  the  bottom  bunker 
position.,  was  27o7°j  the  bottom  quarter-length  was  27«8°<>    The  coldest  location 
in  the  top  of  the  load  was  the  top  quarter! ength  position,,  29o7°?  whereas  the 
coolest  part  of  the  middle  layer,  the  middle  bunker,  was  l43o9°°    After  fruit 
temperature  records  were  made  at  Hamlet,  it  was  decided  to  lessen  the  flow  of 
air  through  the  car  by  closing  the  diagonal,  vents ,  thereby  avoiding  further 
cooling  of  the  commodity  in  the  coldest  locations »    They  were  left  closed 
about  four  hours  until  the  outside  air  temperature  had  risen  to  27°,  when 
they  were  opened  again  at  Raleigho    During  this  four  hour  period  there  was~ 
little  change  in  commodity  temperature  in  the  coldest  locations 0  Although 
these  low  commodity  temperatures  approached  the  danger  point,,  no  freezing 
injury  was  detected  in  the  fruit  at  unloading,. 

This  car  was  initially  iced  with  9 s600  pounds 9  Table  3„    At  Hamlet  there 
was  approximately  8,000  pounds  of  ice  remaining!  at  Potomac  Yards,  55800  pounds! 
and  at  Newark,  when  the  car'  was  unloaded,  slightly  less  than  three  days  after 
icing,  55000  pounds  of  ice  remained,,    Thus,  approximately  U,600  pounds  of  ice 
was  melted  during  the  transit  periodo 

Car  E 

This  test,  figure  6A  and  Table  9,  was  with  crated  oranges  loaded  in.  a 
pre-iced  fan  car,  re-iced  only  once,  at  Hamlet,  and  the  vents  were  kept  closed 
to  destination. 

The  average  commodity  temperature  at  loading  was  77s5°Fo    At  Wildwood 
it  was  67,9°!  at  Savannah  58„70;  at  Hamlet  53°7°!  at  Potomac  Yards  U3<,0°! 
and  at  unloading  in  New  York  City,  the  fourth  night  after  loading,  the 
average  commodity  temperature  was  l40o2°o 

After  the  car  left  Wildwood  the  spread  in  temperature  within  the  load 
ranged  from  5  to  7  degrees „    The  top  of  the  load  was  cooler  than  the  middle 
or  bottom  from  Baldwin  north,  whereas  the  temperatures  in  the  middle  and 
top  crates  ran  closely  parallel  from  that  point  to  destination,, 

The  warmest  part  of  the  load  reached  60°F<>  somewhat  north  of  Savannah 
during  early  evening  of  the  day  following  loading  and  £0°  was  reached  about  18 
hours  later  when  the  train  was  in  Southern  Virginia,  and  h$°  at  Potomac  Yards0 
During  the  next  2h  hours  the  temperature  in  the  warmest  part  of  the  load  was 
reduced  only  3  or  h  degrees  with  about  1  degree  reduction  in  the  top  of  the 
loado    At  unloading  the  coldest  layer  averaged  approximately  38°  and  the 
warmest  h2°a 
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This  car,  Table       was  pre-iced  with  9a600  pounds „    On  arrival  at  Hamlet 
only  1,200  pounds  of  Ice  remained.,  there  the  bunkers  were  replenished  with 
8,h00  pounds.    On  arrival  at  Potomac  Yards,  7,200  pounds  of  ice  remained  in 
the  bunkers  whereas  at  New  York,  about  2k  hours  later  or  three  and  a  half 
days  after  loading,,  6,Lj00  pounds  of  ice  was  lefto    Thus,  during  this  three 
and  a  half  days  transit  period  there  was  a  total  ice  melt  age  of  11,600  pounds  , 

Gar  F 

Gar  F,  with  crated  oranges  in  a  pre-iced  car.,  was  precooled  six  hours 
with  Preco  fans  at  loading  point,,  and  the  bunkers  were  replenished  at  Wildwood, 
the  first  icing  station  reached  en  route0 

The  rate  at  which  these  warm  oranges  were  precooled  is  shown  in  figure  7 
and  Table  10,    The  average  temperature  of  the  fruit  was  8lo5°Fo  as  it  entered 
the  car.    Loading  extended  over  a  period  of  appro xima t el y  four  hours  during 
which  time  the  car  fans  were  not  operating  and  the  fruit  in  the  bottom  layer 
of  boxes  cooled  12  degrees  whereas  that  in  the  top  and  middle  layers  cooled 
less  than  2  degrees 0 

At  the  end  of  the  first  hour  of  precooling  the  delivery  air  was  l±9e>5°F° 
and  was  20 , 8  degrees  cooler  than  the  return  airj  at  the  end  of  the  sixth  hour 
the  delivery  air  had  risen  a  few  degrees  to  53°  and  was  only  13 o3  degrees 
colder  than  the  return  air,  due  in  part  at  least  to  Hess  ice  surface  to  cool 
the  air.    During  the  six-hour  precooling  period  the  bottom  of  the  load  which 
had  cooled  12  degrees  during  loading  cooled  only  1»8  degrees  whereas  the  middle 
and  top  layers  lost  15,8  and  220?  degrees,  respectively  5  resulting  in  an 
average  temperature  reduction  for  the  car  of  13<,h  degrees0 

At  the  end  of  the  precooling  period,  there  was  a  spread  in  temperature  of 
9«6  degrees  between  the  top  and  bottom  layers  of  crates,  i0e0,  coolest  and 
warmest  layers.    The  fan  levers  were  then  placed  at  the  "on"  position  prior 
to  moving  the  car  to  Wildwood,    About  nine  and  one- half  hours  later  this  car 
reached  Wildwood,  22  miles  distant,  where  the  bunkers  were  replenished  with 
8,500  pounds.    By  that  time,  due  to  slow  car  and  fan  movement,  the  temperature 
in.  the  top  layer  of  crates  had  risen  0o?  degrees,  and  1  degree  in  the  middle 
crate  whereas  the  bottom  layer  had  cooled  about  9  degrees,  to  approximately 
the  same  level  as  that  of  the  top  layer.    During  the  interval  between  loading 
and  arrival  at  Wildwood,  the  average  temperature  of  the  load  had  cooled  from 
8l,5°F»,  to  60o6°,  a  reduction  of  20«9  degrees.    By  the  time  the  car  reached 
Savannah,  figure  6B,  Table  11,  its  average  temperature  was  5l,l°$  at  Hamlet 
b$»7°°3  at  Potomac  lards  U2,6°|  and  at  New  York  City,  the  third  night  after 
loading,  the  commodity  temperature  averaged  l]lo30° 

During  the  transit  period,  there  was  a  spread  in  commodity  temperature 
as  high  as  9  degrees  between  the  coldest  and  the  warmest  parts  of  the  loads 
The  top  layer,  due  to  fan  action  during  precooling  and  in  transit  was  the 
coldest  throughout  the  transit  period  with  the  bottom  layer  the  warmest  during 
most  of  that  period.    The  warmest  layer  (middle,  temporarily)  did  not  reach 
60°F,  until  mid-morning  of  the  day  after  loading  before  the  car  reached  Baldwin, 
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whereas  an  average  of  50°  in  the  warmest  layer  (bottom)  was  not  reached  until 
soon  after  the  second  midnight  after  loading 0    Thereafter,  all  parts  of  the 
load  were  in  the  U0!so    At  unloading,,  during  the  fourth  night  after  loading., 
the  bottom  and  middle  layers,  the  warmest  parts  of  the  load,  were  about  h2°a 

This  car  was  pre-iced  with  99600  pounds,  Table  3,  and  the  bunkers  were 
replenished  at  Wildwood  with  85!?00  pounds.    At  Potomac  lards,  1,900  pounds  of 
ice  remained  whereas  at  unloading  three  and  a  half  days  after  loading,  1,000 
pounds  was  urmelted  from  the  18,100  pounds  of  ice  supplied,  making  a  total 
ice  meltage  of  17.?  100  pounds  0 

Gar_  G 

This  test  in  a  fan  car  loaded  with  oranges  in  open  mesh  bags  over  two 
layers  of  wirebound  crates,  figure  8  and  Table  12,  was  initially  iced  after 
loading o    The  vents  were  kept  closed  from  Wildwood  until  Hamlet  was  reached 
about  25  hours  later <>    There,  because  of  the  low  outside  air  temperature, 
only  diagonal  vents  were  opened  and  at  Raleigh,  some  four  hours  later,  all 
vents  were  opened  and  kept  open  until  reaching  Potomac  Yards,  where  the  car 
was  changed  to  standard  ventilation  service<> 

The  average  commodity  temperature  was  78o3°F°  during  loading »  On 
arrival  at  Wildwood  it  was  71oU°j  at  Savannah  57e6°j  at  Hamlet  5>0ol°;  and 
at  Potomac  lards  39°2°0    On  arrival  at  Jersey  City  (Greenville  Yards)  the 
afternoon  of  the  third  day  af  ter  loading,  the  commodity  temperatures  averaged 
39o2°0    This  car  was  held  five  days  at  Harlem  River  before  unloading  and  at 
no  time  did  the  average  commodity  temperature  rise  above  38o2°Q 

The  top  layer  i\jas  the  coldest  part  of  the  load,  and  the  bottom  layer 
was  1  or  2  degrees  warmer  than  the  middle  layer  during  most  of  the  transit 
periodo 

The  spread  in  temperature  between  the  coldest  and  warmest  fruit  was 
about  10  degrees  during  the  day  after  loading,  becoming  less  as  the  trip 
continuedo    On  arrival  at  Potomac  Yards,  the  spread  was  $  degrees  or  less 
and  continued  to  diminish0 

The  warmest  part  of  the  load  reached  60°Fo  during  the  evening  of  the  day 
after  loading  soon  after  leaving  Savannah,  whereas  £0°  was  reached  slightly 
north  of  Raleigh,  the  second  morning  after  loading,  and  below  I4.O0  during 
early  afternoon  of  the  third  day  after  loading 0    During  the  holding  period, 
there  was  not  much  change  in  commodity  temperature,.    At  unloading,  six  days 
after  reaching  the  New  York  area,  the  commodity  temperature  ranged  between 
36,0°  and  l40o0°o 

This  car  was  supplied  with  8,000  pounds  of  ice,  Table  ,3,  after  loadingo 
On  arrival  at  Hamlet  2,U00  pounds  remainedj  at  Potomac  Yards  1,900  pounds j  and 
at  New  York  City,  four  days  after  loading,,  1,000  pounds  remained,  resulting  in 
a  total  ice  meltage  of  75000  pounds „    At  unloading,  six  days  later,  there  was 
still  a  trace  of  ice  in  the  bunkerso 
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SIMILIZED  COMPARISON  OF  TEMPERATURES  IN  TRANSIT 

BETWEEN  CARS  USED  IN  TEST 

Comparison  of  Protective  Services 

Cars  A  and  B  provided  a  comparison  of  fan  and  non-fan  double  deck  cars5 
loaded  with  oranges,.    The  test  clearly  shewed  the  advantages  to  be  derived 
from  the  use  of  fans*    Although  the  average  temperatures  in  the  two  cars  were 
about  the  same  there  was  much  wider  spread  between  maximum  and  minimum  commodity 
temperatures  in  non-fan  car  B  than  in  fan  car  A,  when  the  vents  were  close d^ 
i0e0,  south  of  Hamlet5  with  vents  opened,,  the  spread  was  reduced., 

Cars  B  and  C  were  non-fan  double  deck  cars  loaded  with  oranges  in  open 
mesh  bags.    Car  B  was  not  re-iced  in  trans it s  but  was  vented  at  Hamlet5  whereas 
car  C  was  re-iced  at  Hamlet  and  the  vents  were  kept  closed  to  destination0 
There  was  practically  no  difference  in  temperatures  in  these  cars  as  far  north 
as  Hamlet o    Immediately  beyond  that  point,,  temperature  reduction  was  more  rapid 
in  the  top  and  middle  layers  in  car  B?  thus  indicating  that  ventilation  north 
of  Hamlet  under  weather  conditions  such  as  prevailed  during  this  test,,  resulted 
in  more  rapid  cooling  than  did  replenishing  the  bunkers  with  ice  and  keeping 
the  vents  closed  to  destination. 

Cars  B  and  Do    These  double  deck  cars5  loaded  with  open  mesh  bags  were 
initially  iced  and  varied  only  in  ventilation.    Car  D  was  vented  at  Savannah^ 
whereas  car  B  was  run  to  Hamlet  before  vents  were  opened,,    Both  cars  received 
the  same  service  thereafter,.     The  reduction  in  average  fruit  temperatures  was 
about  the  same  for  both  cars  as  far  as  Savannah.,  but  after  opening  the  vents  on 
car  D5  its  temperatures  dropped  sharply^  the  average  being  18«7  degrees  lower 
than  car  B  upon  arrival  at  Hamlet »    With  both  c ars  being  handled  the  same  there- 
after 5  temperatures  were  more  nearly  the  same  upon  arrival  at  destina tion0  Total 
ice  meltage  was  about  the  same  but  car  D  used  much  less  ice  to  Hamlet  because 
of  the  open  vents  from  Savannah  to  Hamlet  in  sub-freezing  weathere 

Cars  C  and  D}  both  non-fan  double  deck  cars,  were  also  loaded  with  oranges 
in  open  mesh  bags0    The  former  was  re-iced  at  Hamlet  and  Its  vents  were  kept 
closed  to  destination^  whereas  the  latter  car  was  not  re-iced  but  converted 
to  ventilation  at  Savannah 0    Temperature  reduction  in  these  two  cars  were  almost 
Identical  as  far  as  Savannaho    Beyond  that  point  the  commodity  in  car  D  cooled 
much  more  rapidly  than  that  In  car  Co    The  top  of  the  load  in  car  C  cooled 
5°3  degrees  during  the  night  between  Savannah  and  Hamlet  while  that  in  vented 
car  D  cooled  36  degrees o    When  unloaded,  the  warmest  part  of  re- iced  car  D 
was  about  8  degrees  cooler  than  the  warmest  part  of  the  load  in  car  C  which 
was  not  re-icedo 

Cars  E  and  F  afforded  a  comparison  of  crated  oranges  in  pre-iced  car's 
equipped  with.  Preco  fans  kept  "on"  during  the  transit  per iod„    The  load  in. 
car  E  was  not  precooled  but  was  re- Iced  at  Hamleto    Car  F  was  precooled  with 
the  car  fans  for  six  hours  at  the  shipping  point5  and  was  re-iced  at  Wildwoodo 
When  the  cars  left  Wildwood  the  non-precooled  load  was  7°3  degrees  warmer  than 
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the precooled  lcado    It  required  12  to  1.8  hours  for  the  non-precooled  load, 
car  E  re-iced  at  Hamlet,  to  become  as  cool  as  the  precooled  load  was  at 
■Wild-wood <,    Thereafter,  the  non-precooled  load  with  its  refilled  ice  bunkers 
cooled  fastero    On  arrival  at  Potomac  Yards,  there  was  no  significant  difference 
in  commodity  temperatures  between  the  two  cars,,  and  on  arrival  at  Greenville 
Yards ,  the  non-precooled  load  was  about  1  degree  cooler  than  the  precooled  load, 

Gars  A  and  Go    These  two  cars  received  the  same  icing  and  ventilation 
service,  and  differed  only  in  loading,  car  A  being  the  double  deck  car  with 
bagged  load  and  car  G  having  bags  over  crates*    The  difference  in  average 
commodity  temperatures  during  the  transit  period  was  not  great  enough  to  be 
of  practical  significance  and  was  no  greater  'than  is  ofter  encountered  between 
similar  loads 9  in  cars  of  similar  design.. 

RIND  BREAKDOWN  AND  DECAY 

For  the  purpose  of  aiding  in  the  evaluation  of  the  effect  upon  rind 
breakdown  and  decay  of  the  two  types  of  packages  and  the  several  refrigera- 
tion- in-  trans  It  procedures  followed,,  a  test  package  of  strictly  comparable 
Pineapple  oranges,,  Uo  S0  u0o  1  Grade,  size  200,  was  placed  in  the  top  quarter- 
length  position  of  each  car  for  critical  inspection  at  destination..  Because 
of  the  difference  in  lapsed  time  between  loading  and  first  inspection  which 
ranged  from  four  to  eleven  days.,  no  clear  cut  deductions  can  be  drawn  from  the 
test  lots,  regarding  the  effect  of  temperature  in  transit  on  the  rind  break- 
down and  decay0 

Although  the  Pineapple  variety  of  orange  is  susceptible  to  pitting.,  a 
form  of  rind  breakdown,  yet  it  was  not  visible  at  the  time  of  packing,  nor 
was  it  expected  to  develop  in  such  unusual  proportions o 

At  the  first  inspection  at  destination,  rind  breakdown,  Table  Ij.,  had 
developed  in  from  k<>5  percent  to  50  percent  of  the  test  fruit  in  the  cars 
inspected  within  four  or  five  days  after  loading  and  from  37° 8  percent  to 
93 oh  percent  in  the  test  packages  in  the  cars  inspected  eleven  days  after 
loading »    A  week  after  the  first  inspection,  rind  breakdown  had  increased 
greatly  in  all  lots  ranging  from  5>1  percent  to  88  percent  in  the  former  group- 
ing and  from  77  percent  to  91  percent  in  the  latter*    The  least  amount  of  rind 
breakdown  at  the  first  inspection  was  found  in  the  car  that  had  been  precooledo 
There  was  no  decay  in  any  of  the  test  packages  at  unloading «    One  week  later, 
total  decay  ranged  from  2  percent  to  £06  percent  in  the  lots  from  the  cars 
unloaded  within  a  day  after  arrival  at  New  York  whereas  from  hS  percent  to 
9o6  percent  decay  was  found  in  the  test  lots  from  cars  held  several  days  before 
unloadingo    In  the  precooled  car1,  practically  all  of  the  decay  was  stem-end 
rot;  in  the  others,  decay  was  rather  equally  divided  between  green  mold  and 
stem-end  rot„ 

The  Railroad  Perishable  Inspection  Agency  made  their  usual  general 
inspection  of  the  several  cars  on  arrival  at  destination  three  and  four  days; 
after  loading »    In  general  their  findings  in.  regard  to  decay  iirere  in  harmony 
with  those  observed  in  the  test  packages  removed  from  the  cars  and  inspected 
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from  four  to  eleven  days  after  loading.    The  significant  difference  between 
the  two  inspection  reports  was  in  the  amount  of  rind  breakdown,  ob served »  This 
condition,  like  decay,  varies  from  grove  to  grove  and  increases  with  the  lapse 
of  time0    The  test  packages  were  from  a  source  different  from  those  supplying 
the  carlots  of  fruit  and  for  that  reason  such  differences  are  not  uncommon., 

DISCUSSION 

The  abnormally  cold  weather  encountered  by  these  test  cars  afforded  an 
unanticipated  opportunity  to  determine  the  rate  of  cooling  in  different  parts 
of  the  car  when  vents  were  open  and  hatch  plugs  were  out  in  sub-freezing 
weather,  a  situation  not  often  encountered  during  the  first  36-I1O  hours  in 
the  transit  periodo    Accordingly.,  the  vents  of  one  car  were  opened  at  Savannah 
and  those  of  several  other  cars  were  opened  at  Hamlet  the  following  morning 
while  the  vents  in  the  remainder  were  kept  closed  to  destination^  as  though 
the  outside  air  temperatures  were  nearly  normal . 

This  transportation  test  shows  that,  even  with  all  vents  full  open, 
when  outside  temperatures  were  well  below  freezing  during  the  first  day  or 
two  in  transit,  there  is  not  much  danger  of  freezing  citrus  fruit  loaded  warm 
and  shipped  under  existing  provisions  of  the  Perishable  Protection  Tariffo 
VJhereas  temperatures  in  car  D  dropped  to  the  freezing  point  in  parts  of  the 
car,  it  should  be  noted  that  all  vents  were  full  open  when  outside  air  tempera- 
tures were  as  low  as  l5°F°    If  diagonal  vents  only  had  been  open  the  tempera- 
tures would  not  have  dropped  so  close  to  the  danger  point „    It  therefore  seems 
that  cars  may  move  from  Florida  points  billed  "plugs  out,  vents  open"  (Po0oVo0o) 
to  Richmond  or  Potomac  Yards,  standard  ventilation  beyond  (Rule  .385  -  combina- 
tion ventilation  ~  keep  vents  open  to  Richmond/Potomac  Yards,  standard 
ventilation  thereafter) .    During  those  rather  rare  periods  when  the  entire 
south  is  experiencing  freezing  weather  such  as  encountered  in  this  test,  and 
when  a  car  is  passing  through  temperatures  well  below  freezing  through  North 
and  South  Carolina,  vents  may  be  kept  open  until  the  temperature  is  down  to 
with  standard  ventilation  beyond  those  points.,     (Rule  385.?  combination 
ventilation..    Vents  closed  at  25  °5  open  above  25°  to  —  — >  (specify  station 
south  of  northern  boundary  of  North  Carolina  or  Tennessee  or  east  of 
Mississippi  River)  standard  ventilation  thereafter ») 

A  more  realistic  schedule  for  opening  and  closing  vents  of  cars  loaded 
with  Florida  oranges,  grapefruit  and  tangerines  and  billed  for  ventilation  en 
route  would  result  in  better  refrigeration  in  cold  to  sub -freezing  weather 
than  is  now  the  case  under  standard  ventilation,  or  even  under  standard 
refrigeration,  which  is  little  if  any  more  effective  than  Is  Rule  25l  in 
lowering  commodity  temperatures  during  the  colder  months e    Whenever  the  out- 
side air  temperature  is  considerably  below  "that  of  the  commodity  in  the  car, 
more  rapid  cooling  may  be  expected  when  the  vents  are  open9  with  or  without 
ice  in  the  bunkers 0 

In  all  probability  much  greater  financial  losses  have  resulted  from  decay 
developing  in  cars  of  Florida  fruit  when  the  vents  were  closed  before  the  fruit 
had  cooled  to  a  safe  temperature,  than  has  resulted  in  freezing  damage  from 
leaving  the  vents  open  too  long. 
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Continuous  ventilation  from  Savannah  to  Potomac  Yards ,  when  the  outside 
air  temperature  was  well  below  freezing  much  of  the  time,  caused  the  load  in  a 
non-fan  car  to  cool  much  more  rapidly  than  that  in  re-iced  fan  cars  with  vents 
kept  closedo 

The  precooling  of  citrus  after  loading  in  pre-iced  fan  cars  may  not  be  a 
necessary  step  particularly  if  the  car  moves  within  a  few  hours  after  loading 
is  completed,,    The  time  lag  in  getting  warm  fruit  to  a  safe  temperature  when 
loaded  in  a  fan  car  does  not  appear  to  be  great  enough  to  have  much  effect  on 
decay  in  Florida  citrus o    However ,  in  periods  of  heavy  decay  it  would  be  prudent 
to  run  the  fans  until,  the  pickup  train  comes  along  0 

The  decrease  in  the  hourly  rate  of  cooling  doubtless  resulted  largely 
from  the  progressively  decreased  supply  of  ice  in  the  bunkers „    Yet,  when  the 
commodity  temperature  is  below  60°,  the  hourly  rate  of  cooling  is  slow  without 
the  aid  of  salt,  even  with  bunkers  full  of  ice<,    If  the  load  is  precooled  for 
several  hours ,  the  bunkers  should  be  replenished  at  loading  station  or  the 
following  morning  if  the  car  is  to  receive  one  re-icing  in  transit© 

The  fan  car,  by  cooling  the  top  of  the  load  much  more  rapidly,  always  gives 
a  more  uniform  temperature  throughout  the  load  than  does  the  non-fan  car  re- 
ceiving the  same  protective  service,  even  though  the  average  of  the  top, 
middle,  and  bottom  of  the  load  is  likely  to  be  nearly  the  same© 

It  is  especially  noteworthy  that  all  cars  including  those  iced  but  once 
had  enough  ice  in  the  bunkers  on  arrival  at  destination  to  hold  the  load  at  a 
safe  temperature  for  several  days  of  seasonable  weather 0    The  ice  bunkers  of 
car  D,  vented  at  Savannah,  were  at  least  half  full  on  arrival  at  destination, 
and  this  car  also  had  the  lowest  commodity  temperature0 

SUMMARY 

Oranges  in  open  mesh  bags  loaded  in  double  deck  cars  or  loaded  over  two 
layers  of  crated  fruit  cooled  about  as  rapidly  during  the  transit  period  as 
did  solid  loads  of  crated  orangeso 

Oranges  loaded  in  fan  equipped  double  deck  cars  cool  more  uniformly 
than  those  in  non-fan  cars0 

In  a  carload  of  $2$  crates  of  oranges  with  fruit  temperature  of  8la5°, 
loaded  in  a  pre-iced  fan  car  and  precooled  six  hours  with  motor  driven  Preco 
fans,  the  fruit  cooled  k*9  degrees  during  the  four  hour-  loading  period,  and 
13 oh  degrees  during  the  six  hour  precooling  periods    More  than  half  of  the 
total  of  18<>3  degrees  was  removed  by  the  end  of  the  first  hour  of  precooling 0 

Ventilation  during  this  transit  period  of  sub-normal  air  temperature  in 
the  South  cooled  the  load  more  rapidly  than  did  refilling  the  Ice  bunkers  and 
keeping  the  vents  closed  to  destination,  thus  indicating  that  during  the  cooler 
months,  initial  icing  followed  by  ventilation  north  of  Savannah  is  likely  to 
result  in  more  rapid  cooling  than  by  re-icing  once  and  keeping  the  vents  closed 
to  destination,, 
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During  periods  ox  nearly  normal  winter  temperatures  at  destination,  the 
commodity  temperatures  did  not  rise  in  cars  that  arrived  with  less  than  one 
ton  of  ice  in  the  bunkers  and  which  xirere  held  several  days  before  unloading. 
These  tests  indicate  that  all  or  only  diagonal  vents  of  cars  loaded  with 
warm  fruit  may  be  left  open  for  considerable  periods  of  time  at  least  during 
the  first  day  or  two  after  loading  -  even  when  outside  air  temperatures  are 
well  below  25°  -  without  danger  of  freezing  the  fruit. 
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